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SYMBOL..) 

-  Propeller  Activity  Factor 

b2 

-  Geometric  Aspect  Ratio  of  Aircraft  Wing  =  -z — 

s 

-  lumber  of  Propeller  Blades 

-  Vj in Span  -  Feet. 

-  Drag,  Pounds 

-  Propeller  Diameter,  Feet. 

-  Oswalds  Equivalent  Aircraft  Span  Efficiency  Factor 
••  Fuel,  Pounds 

•-  Equivalent  Parasite  Drag  Area,  ft^ 

-■  Altitude,  Feet 

-  Constant 

-  lumber  of  Propellers 

-  Normal  Rated  Power,  Shaft  Horsepower 

-  Thrust  Coefficient 

-  Range,  Nautical  Miles 

-  Rate  of  Climb,  FPM 

-  Rate  of  Descent,  ft.  per  minute. 

-  Fuel  Weight/Gross  Weight 

-  Wing  Area  -  Square  Feet 

-  Shaft  Horsepower 

-  Torque  Coefficient 

-  Thrust  Horsepower  Available,  =  T  x  V 
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SYMBOLS 


THPr 

V 

v 

vT 


Wq 

wH 


Thrust  Horsepower  Required 


Velocity ,  Nautical  Miles  per  Hour1,  True  Air  Speed. 

Velocity,  FPS 

Propeller  Tip  Speed  -  FPS 

Wq 

Disk  Loading,  Ibs/sq.ft.  =  - 

N  7TDp2 


Airplane  Weight,  Pounds 
Thrust  Loading,  Ibs/sq.ft, 


ir~ 

Sea  Level  Static  Thrust 
Propeller  Disk  Area 


"  Propeller  Efficiency 
p  -  Mass  Density  of  Air,  Slugs/ft^ 


SUBSCRIPTS 


A  -  Refers  to  Engine  A 

a  -  Available 

B  ~  Refers  to  Engine  B 

c  -  Climb 

d  -  Descent 

e  -  Engine 

F  -  Fuel 
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REPORT  NO 


li.1 


i.O  SUMMARY 


This  report  provides  an  aerodynamic  analysis  and  outlines 
methods  used  in  obtaining  the  aerodynamic  "Rf"  for  the 
solution  of  the  optimum  transport  propelloplane  under 
contract  Nonr  1657  (00) .  The  combination  of  aerodynamics 
and  weights  "Rf"  (Reference  2)  by  the  method  described  in 
Reference  1  yielded  the  optimum  aircraft,, 

Minimum  gross  weight  was  considered  to  be  the  criterion 
for  optimum  selection.  A  three  view  drawing  of  the  optimum 
aircraft  is  provided  on  the  following  page. 
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nr rine  ^haract  en s tics 

Generalized  shaft  turbine  engine  characteristic?  according 
to  Reference  3  for  t.n.e  year  1965  were  used.  Specific  fuel 
cons  linn  id.  or,  versus  %  KilP  curves  are  repeated  in  Figure  2 
for  easy  reference. 

The  contribution  of  turbine  .let  thrust  to  forward  flight 
propulsion  was  r.ot  considered,  since  its  effect  was  small 
at  the  flight,  speeds  encountered  and  insignificant  on  a 
comparative  basis  as  affecting  the  optimum  selection. 

Gear  Box  "Derating” 

As  a  result,  of  the  gear  boxes  being  derated,  the  power  out¬ 
put  per  two  engine  combination  is  limited  to  75  percent,  of 
sea  level  NRP. 

Pits 

The  equivalent  parasite  drag  area,  f,  was  computed  to  be 
11.2  ft^  in  cruise  configuration  with  external  fuel  tanks. 
This  value  was  assumed  constant  for  the  matrix  of  possible 
aircraft  considered. 

Power  Required 

Airplane  thrust  horsepower  required  is  defined  by  the  fol¬ 
lowing  expression: 

£L  v 
P  f 


THP. 


Po 


/Wq 


96100 


3.  hi  AReV 


Wr 


Let  K  = 


Wq 

G\T 


3.E7  ARe 


(1) 


f  =  !fL. 2  (see  2.3),  then 


CHP  r 


Po  P 

2330 


£-  v 


(2) 
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2.U  Power  Required  (Continued) 

Equations  (l)  and  (?)  are  plotted  on  the  following  pages 
(Figures  3,  0  and  5)  permitting  the  solution  of  THPr  for 
selected  values  of  p/p0,  V,  Wq,  W^/S,  and  AR.  Figure  6 
shows  the  assumed  variation  of  e  with  AR,  being  reproduced 
from  Reference  L. 
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Power  Available 


In  order  to  describe  the  available  thrust  horsepower 
characteristics  of  an  aircraft,  the  fol]  owing:  must  be 
known. 

1.  Installed  Horsepower 

2.  Propeller  Diameter. 

3.  BAF 

Ji.  Tip  Speed 
rj.  Altitude 

6.  Type  of  Propeller,  i.e.  Single  or  Dual  Rotation 

7.  Propeller  Characteristics,  i.e.  Variation  of 
Propeller  Efficiency  with  Forward  Speed. 


Items  1-3  were  obtained  on  the  basis  of  the  6000 ’  95°F 
hover  ceiling  requirement  and  minimum  power  package  weight. 
A  complete  discussion  of  this  is  contained  in  Reference  2. 

Items  L-5  V ariables . 

Item  6  Dual  rotating  propellers  were  used. 

Item  7  Propeller  characteristics  were  obtained  from 
Reference 


For  purposes  of  illustration,  Figures  7  through  10  show  the 
variation  of  propeller  efficiency  and  thrust  horsepower  with 
forward  flight  velocity  at  various  percentages  of  shaft  horse¬ 
power  for  the  optimum  aircraft  (Figure  l) . 
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2.6.1 


Engine  Operation 

The  transport  pronelloplane  under  consideration  provides  for 
a  total  of  0  engines  and  h  nacelles  (2  engines  per  nacelle). 
When  cruising  at  less  than  full  power,  a  number  of  possible 
operating  combinations  exist.  It  is  the  object  of  this 
section  to  determine  a  schedule  of  engine  operation  which 
will  require  the  least  fuel  and  still  be  consistent  with  safe 
operating  nrocedures.  The  assumption  is  made  that  the  applied 
thrust  must  at  all  times  be  symmetrical;  therefore,  engines 
must  be  shut  down  in  pairs  and  propellers  must  be  feathered  in 
pairs. 

Engine  Operation  Within  a  Single  Nacelle 
Let  the  2  engines  be  denoted  A  and  B,  then 

HIT  =  SFCNET  SHPP  b  sfca  SHPa  +  SFCb  SHPg 


FUEL 
SHPp  - 

"hr  e  SFCNET 

=  sfca 

shpa  shpb 

SHPp  +  SFCb  shpj; 

shpa  + 

shpb  = 

SHPp 

let  RA 

SHPa 

SHPp 

rb 

SHPr 

=  - -  then,  Ra 

SHPp  R 

+  Rb  = 

Also, 

}(%  nrpa)  + 

l(%  nrpb) 

=  %  NRPp 

(3) 

spcNEt 

=  sfca  ra  + 

sfcb  Rb 

(h) 

Ra 

rb 

shpa  %  nrpa 

shpb  i  nrpb 

(h) 

Using  the  specific  fuel  consumption  characteristics  of  Figure  2, 
the  SFCjpg'p  is  plotted  against  %  NRPp  for  various  Ra/Rb  in 
Figure  11.  It  is  seen  that  the  operating  procedure  for  minimum 
fuel  oocubs  when  both  engines  are  operated  at  the  same  %  NRP. 
Below  £C$NRPp  the  procedure  for  minimum  fuel  consumption  is  to 
shut  down  one  engine  completely,  thereby  operating  the  remaining 

engine  at  a  high  %  NRP  and  consequently  lower  specific  fuel  con¬ 
sumption. 
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For  the  total  required  power  falLing  in  the  range  oi’  T:~  to  .100$ 
of  available  power,  there  are  two  possible  operating  procedures'; 

i»  Maintain  all  p-  engines  at  the  same  %  NRP. 

Maintain  one  pair  of  nacelles,  say,  the  outboard  at 
100$NRP  wnile  varying  the  inboard  as  required. 

To  evaluate  these  two  possibilities,  the  following  equations 
are  developed. 

Let  subscript,  i,  denote  inboard, 

subscript,  o,  denote  outboard, 

subscript,  8,  denote  8  engine  or  total. 


TOTAL  FUEL 


■»  SFCp  SHP1  +  SFC0  SHP0 


SHP  =  ;  therefore 


TOTAL  FUEL 


•  »  SFC  — — -  +  SFC 


Let  Rj_ 


?  8.0 


THPi  +  THP0  = 
Combining  (7)  and  (8) 


% 
THP8  Ti¬ 
ft  i  rlo  5 
ft"o' +  \ 
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,6.2  ,o  NRP°  7E5-lCK/i',  (Continued) 


and  -subs t,i luting  these  in  (6) 


Ri 


FUEL 


thp  -  hr 


SFCi 


>1  i  ,'Ri 


SFC . 


Ho 

nr 


u< 


y\o  (h 


H£ 

1V 


(9) 


From  Equation  (?)  and  (8) 


Hi 

t)  9 


H8 


=  1 


(10) 


From  Equation  (7) 


Ri  %  NRPei 

T0  “  JmT~0 


(11) 


Also, 

T|  •  T) 

\  —■  %  NRPei  +  |  —  %  NRPeo  =  %  NRPg 
*8  8  8 


(12) 


Using  the  above  relations  the  two  possible  operating  procedures 
evaluated  on  two  representative  aircraft  (Figure  12) .  It  is 
seen  that  the  minimum  fuel  is  required  when  both  inboard  and 
outboard  nacelles  are  maintained  at  the  same  power  (Alternate  l). 
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2.0.3  %  NRPf  -  -  0  to  1% 

In  this  ranre  the  following  engine  opcratinr  alternatives 
exist: 

1.  8  engines  operating  at  same  %  NRP. 

2.  6  engine  operation  as  follows:  (Assume  2  outboard 
engines  shut  down.) 

a.  All  6  engines  at  same 

%  NRP,  that  is,  Rj/R0  =  2 

b.  Maintain  single  outboard  engines  at 
100$  and  vary  inboard  as  required. 

Equations  for  6  engine  operation  are  obtained  in  similar 
manner  to  2.6.2. 


2t£*mr Pei  +  T"rip^NRPeo  =  -  NRP8 


Ri  %  NRPei 
Rq  =  2  *  "^eo 


Evaluation  of  the  above  operating  procedures  is  provided  by 
the  same  two  representative  aircraft  (Figure  12).  Minimum 
fuel  requirements  are  obtained  in  this  range  by  operating  six 
engines  at  the  same  power  (Alternative  2a) . 

2.6.L  %  NRP  50$  or  Less 

From  the  preceding  sections  it  has  been  found  desirable  to 
shut  down  engines  whenever  possible  and  to  operate  the  remain¬ 
ing  ones  at  the  same  percent  of  power.  In  view  of  this,  then, 
the  possibility  of  operating  6  or  8  engines  in  this  range  may 
be  eliminated.  The  two  remaining  alternatives  are: 

1.  One  pair  of  propellers  feathered,  h  engines  in 
2  nacelles  operating. 

2,  L  engines  in  h  nacelles  operating. 
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2 . 6 , [|  %  NRP  50%  or  Less  (Continued) 


The  apparent  advantage  of  operating  half  of  the  propellers  at 
higher  power  and,  hence,  higher  efficiency  must  be  weighed 
against  the  increased  drar  of  the  feathered  propellers. 

From  Reference  6  for  a  three  bladed  propeller, 

p  v‘;  Dp2  Tg 

D  =  - 

3 

and  for  a  six  bladed  proneller, 


A  THPr 


A  THPr 


2Dv 

“W  J  or 

2pv3  Dp2  TC 

3(35 0) 


For  evaluating  THPr  the  following  conditions  are  assumed: 

1.  Turbine  torque  is  zero  (assumes  the  use  of  shutters 

or  vanes);  therefore  Qg  =  0,  p . 7^R  =  85  ,  and  Tq  =  .008. 

2.  Comparison  is  made  at  sea  level  standard  conditions. 

3.  Comparison  is  made  at  minimum  mission  speed  of  260  knots. 
The  expression  for  A  THPr  is,  then,  A  THPr  =  1.96  Dp2 

The  increase  in  available  THP  for  the  same  SHP  that  would  result 
from  supplying  the  required  power  by  one  propeller  at  higher 
efficiency  rather  than  two  at  reduced  efficiency  is  listed  in 
the  table  below  for  representative  aircraft. 

Corresponding  THPr  due  to  the  feathered  propeller  is  also  tab¬ 
ulated  for  comparison. 
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2.6.L  %  NRP  50%  or  Less  (Continued) 


Wr 

WG 

vT 

% 

£THPa 

A  THPr 

Uo 

Loooo 

800 

20.36 

1300 

810 

80000 

to 

1000 

28.80 

2200 

1620 

100 

hoooo 

12.86 

300 

320 

80000 

18.20 

Loo 

6L5 

2.6.5 


From  the  above  table  there  appears  to  be  little  advantage  in 
feathering  propellers.  Furthermore,  the  selection  of  the 
optimum  is  facilitated  and  not  affected  by  considering  all 
propellers  in  operation. 


Fuel  Consumption 


This  section  provides  the  method  used  to  calculate  fuel 
consumption  with  engines  operating  according  to  the  schedules 
for  minimum  fuel  of  the  preceding  sections. 


TOTAL  FUEL 
HR 


SFCi 


THPi 

~ 


+  SFC0 


thPq 

Eo 


(15) 


2. 6.5.1  8  Engine  Operation 

For  a  given  flight  condition  the  total  required  THP  is  evenly 
divided  between  inboard  and  outboard  nacelles,  thus, 

TOTAL  THPr  =  THPj_  +  THP0 
■H  i  =  E0  ,  and 


SFCj_  =  SFC0  ;  therefore 


TOTAL  FUEL 
HR 


SFC 


THPr 

”n~ 


CONFIDENTIAL 


60-030  C 


HILLER  HELICOPTERS 


:?.0.‘:.l  P  Enpi  1  io  Operation  (Continued) 


The  calcila t i or  procedure  is.  then 

a.  Read  ?!iPr.  af  Lao  riven  flight  condition  (Figure  3  or  it) . 

b.  Read  percent  of  lorm51!  rated  power  of  propeller  shaft.-, 

/'  KRPp  (Figure  7  or-  9  )» 


.  Ready]  at  ilKRPp  (Figure  f  or  io) . 

d.  %  NRPe  ~  %  NRPp  for  P  engine  operation.  Read  SFC 

at  KRPe  (Figure  2.). 


2.6. 5. 2  6  Engine  Operation 


The  total  required  l’HP  is  not  evenly  divided  between  inboard 
and  outboard  nacellesj  however  it  is  convenient  to  determine 
a  relationship  for  total  fuel/hr  which  is  independent  of 
individual  nacelle  operation,  hence, 


TOTAL  FUEL 


HR 


*  SFC 


THPj. 

“•n? 


where 


THPr 

^8 


-  Total  required  thrust  horsepower 

-•  propeller  efficiency  for  P  engine  operation  and 
is  read  at  the  percent  of  P  engine  normal  rated 
power.  This  relation  is  based  on  the  assumption 
that 


THPr 


THPi 


tz  - 


^i 


thpl 

Uo 


SFC 


Although  the  propellers  are  operating  at  different 
efficiencies,  the  compensating' variation  of  THF- 
and  THP0  is  sufficient  to  make  the  assumption  rea- 
sonably  valid  for  the  matrix. 

effective  specific  fuel  consumption  and  is  read  at 

%  NRPg 

.75 

with  reference  to  equation  (13)  with  all  6  engines 
at  the  same  %  NRP. 
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6  Engine  Operation  (Continued) 


1,  flitPo 


''UP 


+  1  ]o 

2  'Hfi  ^  Tip 


The  denominator. 


2  T|p 


+ 


Mg 


when  checked  over  the  matrix  is  found  to  remain  nearly  constant 
at 

Fuel/hr  is  calculated  as  follows: 

3 o  Read  THPr  at  the  given  flight  condition  (Figure  3  or  lu¬ 
be  Read  percent  of  3  engine  normal  rated  power, 

%  NRP  (Figure  7  or  9), 

c.  Read  pg  at  %  NRPg  (Figure  f  orio). 
do  Read  SFC  at  %  NRPp  (Figure  2.). 

.70 

2 06 » 5» 3  h  Engine  Operation 

The  total  required  THP  is  evenly  divided  between  inboard  and 
outboard  nacelles^  thus, 

TOTAL  THPr.  =  THPi  +  THPQ 


r)i  -  "H 0  and 


SFCi  =  SFC0  ;  therefore 


TOTAL  FUEL 
HR 


SFC 


THPr 

~n~‘ 
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Calculate  total  fuel/ hr  as  follows^ 

a.  Read  THPr  at  the  riven  flight  condition  (Figure  3  or  h) 

to  Read  percent  of  normal  rated  novrer  of  propeller  shaft. 

%  NRPp  (Figure-  7  or  9  )  • 

Co  Read  ^  at  tNRPp  (Figure  8  orio). 

%  NRPp 

do  %  NRPe  - - -r—  .  Read  SFC  at  %  NRPe  (Figure  2). 

s  3) 

Engine  Operation 

The  following  table  summarizes  engine  operation. 


Sea  Level  Operation 


*  !'j,.~p1INE  ENGINE  OPERATION  %  NRP/ENGINE 


%  NRP  AT 
WHICH  TO 
READ  SFC 


^  ^  Erlgines  can  not  be  operated  in  this  range  due 

to  gear  box  derating,  I 


75  -  62.3 


8  Engines  at  same  75  to  62.5  Same  as  8  engine 


%  MRP 


%  N  RP 


62 o 5  -  56.2  6  Engine  Operation  Ip  engines 

2  engines 
100  to  7$ 


%  NRPp 


56.2  to  50  6  engines  at 

same  %  NRP 


6  engines-  75  %  NRPp 

to  67$  — -7?" 


50  or  less  L  engines  at 
same  %  NRP 

All  propellers 
operating 


L  engines  - 
100%  or  less 


%  NRPp 
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Engine  One ration  (Con tin  le 


d) 


25.- OOP’  Opera t-i on 


%  8  ENGINE 
MRP 

ENGINE  OPERATION 

%  NRP/ENGINE 

%  NRP  AT 

WHICH  TO 

READ  EFC 

100  -  73 

8  engines  at  same 
%  NRP 

100  -  73 

S  cUTiS  5.3  8 

engine  %  NRP 

73  -  30 

6  engines  at  same 
%  MRP 

73  -  50 

8  Engine  %  NRP 

“  '^?3 — 

30  or  less 

k  engines  at  same 
%  NRP 

All  propellers 
operating 

50  or  less 

8  Engine  ,  ItP 

•  3 

2.7  Rate  of  Climb 


Rate  of  climb  is  obtained  from  the  expression; 


R  r_.  33000 
C  WG 


(THPj 


THPr) 


(16) 


Figure  (13)  is  a  graphical  solution  of  equation  (16)  for  rapid 
calculation  of  rate  of  climb.  The  maximum  rate  of  climb  is 
obtained  at  the  velocity  where  the  difference  between  THPa  and 
THPr  is  greatest. 


2.8  Rate  of  Descent 


Equation  (l?)  defines  airplane  rate  of  descent  with  power  on. 


R 

D 


TT2  (THPr  -  THPa) 


(17) 


CONFIDENTIAL 


60-030  C 


"Mt'JktD 


APPRD\  E.  d 


>  0 


3.1 

3.2 

3.3 

J »  4 


HILLER  HELICOPTERS 

,  h:  .  :■ 


HE  PUfVT  NO 


Ins  1  H. 


I :ic  sea  _•  v*  i.  .risuxii*.  i  •or~<  ?:hv  :  <  u  1  a  jet.-  r  !•••■  r 


Sea  L.  vol  Proi  cilor  Thrust 


Hover  ceil., r  *  altitude  pronoller  thrust  *  engine  ;'et  thrust 
—  Sea  Level  Propeller  T  mat 

o  i' o f-  f  Yi  0 ••  .ip, •* 

Is  known*  Tills  rati -3  is  -ioo«r:'io:rt  upon  propeller  air'  online 
character Istics.  Ter  th«  dual  rotating  propellers,  -as  turbine 
oower  plants ,  oOOO',  ft°F  hc-vor  ceiling,  and  matrix  under  con¬ 
sideration;  this  ratio  was  found  to  remain  essentially  constant 
at  1.3. 

SPECIFIED  AlilC-iAFT  PERFORMANCE  AND  MISSION  REQUIREMENTS 


The  specified  aircraft  performance  and  mission  requirements  are 
listed  below. 

Required  payload  is  >  O.'O  lbs.  outbound  and  aOOO  lhs.  return. 
Hover  ceiling  6000’ ,  9-°F. 

Cruise,  speed  300  HPH  minimum  ( ?60  knots). 

Mission  per  Firure  Id. 
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3 . 5  To'al  Mission  Fue i 

To  vtori.i  r.e  the  total  me!  roquin-d  for  too  mis  ft:  m.  ar.-l 
hence,  the  nitp\  :  he  mis.-n  i  is  nr  often  down  into  .onmr.eni 
pares.  Fuel  required  for  -■•'•ch  part  is  deter  mined,  the  snmmatj  JTi 
of  fi.eot'  providing  the  total  mission  fuel. 

3.5.1  Starring  Fuel 


A  starting  and  maneuvering  tine  of  2  minutes  per  fright  leg  is 
assumed,  giving  a  total  of  h  minutes.  During  this  time  8  engines 
are  assumed  to  be  operating  at  75$  NRP.  It  is  further  assume a 
that  the  operation  is  at  sea  level. 

Fs  «  SFC  ( t) ( SHP) 


9  P  O  3 


SFC  *  ,h) 

+  a  L 
1  bO 

SH?  ~  75$  of  total  installed  power 

F  =  ,028?  SHP 

Reserve  Fuel 

Reserve  fuel  is  assumed  to  be  10$  c.f  total  fuel. 

Climb  Fuei. 


The  foil ovriM’.  assumptions  are  made  regarding  climb  fuei . 

a.  A  climb  to  2^000  feet  in  the  shortest  time  is  assumed 
most  economical. 

b.  Rate  of  climb  at  sea  level  is  calculated  with  8  engines 
operating  at  75$  NRP  due  to  rear  box  derating. 

c.  Rate  of  climb  at  25000r  is  calculated  with  8  engines 
operating  at  100$  NRP  (100$  NRP  at  25000  feet  is  equal 
to  60$  sea  level.  NRP,,  Reference  3). 

d.  A  linear  variation  of  SHP.  SFC_,  V c?  and  R/C  between  sea 
level  and  25000  ft.  is  assumed. 
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Vj-  "  average  ; j ir.ii  /eictify  between  S.L.  and  i2 300G 
fee:,  for  na>: r rr.um  rsr-e  of  climb. 

Rg  "  R/ii'me  credit  durir.i;  climb. 

Ah  ---  25000  feet. 

P  ••  Average  rate  of  climb  between  S.L.  and  25000' 
(Reference  to  Section  2.7) 

~HP  Aver  a  -e  SUP  r  e  tween  S.L.  ar.d  25000 : . 

SFG  -  Average  SFC  between  S.L.  and  25000' . 

De scent  Fuel 

Calculation  of  descent  fuel  is  bated  on  the  following  ass  amp  fi  y.v 
a.  ifit. c  of  .lessen’'...  R -D.  is  constant,  at  2500  ft, 'min. 

c.  Dos  tint  vein.: it;/.,  V]),.  -  300  knots. 

.  Most  economical  enpine  operation  per  section  2.6  is  assume- 

d.  A  linear  variation  of  SHP,  and  SFC  be  '-ween  25000"  and  S„I„ 
is  assumed. 


Fd  Rd-^SHP  where 
IlD  »  VD  |- 

60  5 


Vp  =  300  knots 

Ah  -  2 5000 ; 

~  “  2  500  f’./rnirn 
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Vr  ■---  averse  climb  /el  :/:d  t.y  between  S.L.  and  250UC 
fee--,  for  naxi mum  ra*e  of  climb. 

Rq  -  it, urine  credi  t  during  climb . 

Ah  -  25000  fee  '•« 

?•  ••  Average  rate  of  climb  between  S.L.  and  2'5000! 
(Reference  to  Section  2,?) 

JilP  "  Average  S!!P  r-otwoc-n  S.L.  ar.d  25000', 


SFC 

-  Average  SFC 

between  S. 

L.  and  2 5000 : , 

3o5A 

Descent  Fuel 

Calculation  0 

f  beseem  fuel 

is  based  on 

the  f  0  j  1  :>n  m  a  a  as  amp  r.  „  .> 

a.  Rate  oi 

deacon*..  R/D. 

is  constant 

at  1.500  ft/min. 

0.  Descant 

Vfiocity  Vj)r 

iOC  krio 

bSo 

.  Me  si  ec. 

onomlc-ai  engine 

operation 

per  section  2.6  is  as sums 

d.  A  linear  variation  of  SHP,  and  SFC  between  2 5000 :  and  S.L 
is  assumed. 
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Dev; on t  _K *  Coni t  n  u;d  ) 

?D  *■'  '• 

SFC  •-  Avarice  :  ;  .-fCO:’  an.i  3. 1 <> 

3 HP  -  Avora-s  I  c  r.uv-jii  '50C0:  and  S.L.  May  h 
from  equal ion  (17) . 


e  oc  tamed 


Cru.-.sing  Fuel  J% ffiO 
Fuel  for  25000 !  c.roise 

/Fuei,  . 

— -  c?  /-->  ,•'1 


H  /  Fu-:l\ 

--se  "  v  v  hr";  >;nf;re 


^-^r)  is  0:  rained  according  to  Section  2.6.5. 

V  is  cruise  velocity .  Tx  is  selected  for  minimum 
fuei/nile,  but  according  to  mission  requirements, 
in  no  case  less  than  26C  knots. 

R  =  HH  -  RC  (N.Mi) 

Cruising  Fuel  -  Sea  Level 


Fuel  for  sea  level  c.r.ji  se  ~ 


m  /  t1  uel  i 


where 


l  TTE;  '^taineo  according  to  Section  2.6.5 

V  is  cruise  velocity  for  minimum  fuel/mile,  and  equal 
to  or  ’rearer  Thar:  P.6C  knots. 

R  ?L  N.Mi 

3.5.7  Return  Half  of  Mission 

The  return  half  of  mission  is  identical  to  the  outbound  calf 
except  for  the  gross  weight  which  is  reduced  bv  the  amount  of 
the  fuel  used  for  the  first  half  and  I4OOO  lbs,  payload.  The 
predominant  effect  of  the  lower  gross  weight  is  in  the  reduction 
of  induced  drag  of  which  the  term  "K"  (Section  2 alt)  is  a  function. 

For  the  purpose  of  determining  outbound  fuel  requirements  for  the 
matrix  range  of  wing  loadings  and  aspect,  ratio  a  plot  is  made  of 
fuel  versus  "K".  Figure  (15)  is  such  a  curve  presented  for  pur¬ 
poses  of  illustration.  From  this  curve  the  half  mission  fuel  can 
be  read  for  my  combination  of  W/S  and  AR.  Also,  from  this  same 
curve  the  return  fuel  can  be  read  at  the  new  value  of  “K"  for  the 
return  half. 
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MATRIX 


Tiie  ran ->?  of  parameters  considered  is  outlined  belovi  (Figure  16) , 

Gross  Thrust  Aspect,  Wing  Tip 

Weight  Leading  Ratio  Loading  Speed 


Ac, ooo 

I'O.ooo^  A-wCv 


VT  60 


i2r\\ 


Figure  16. 


MODEL  10L8-A,  OPTIMUM  AIRCRAFT 


Physical  characteristics  and  performance  of'  the  optimum 
aircraft  are  tabulated  below. 

Gross  VJ eight  .o....e..o.oo.o..  / 1 , £  50  lbs. 

Fuel  Weight  ..................  11,200  lbs. 

Empty  Weight  .................  290  lbs . 

Installed  Horsepower  .........  8  engines  ^  37?0  NRP 

Dio  tc  Loading  oo..o..o. ........  6  s .  i|  lb  s/  sq  •  f  x,  o 

Tip  Speed  . . . . . .  900  ft/sec 

Propeller  Diameter  . .  18.6  ft. 

No.  Blades  ...................  6 

Activity  Factor  . .  135 

Wing  Loading  .................  90  lbs/ sq.ft. 

Aspect  Ratio  .................  6.3 

Wing  Area  . . . . .  792  sq.ft. 

Span  oooo. ......... .......... .  71.8  fto 
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MOTEL  LOig'-A,  QPTIMlfri  AIRCRAFT  (Continued) 

Stall  Speed,  Sea  Level  Standard,  Power  Off  ....  125  kts. 

Cruise  Speed,  Sea  Level  ......... ...... ........  260  kts » 

Cruise  onced.  ^.X. .  '  ...a.............. o 00  kts. 

Maximum  Speed,  Sea  Level  (752NRP)  .............  350  kts. 

Maximum  Sneed,  25000'  (1002NRP)  . . .  )|10  kts. 

Vertical  Rate  of  Climb,  6000! .  95°F, 

Maximum  Power  ..............................  TOO  PPM 

Vertical  Rate  of  Climb,  Sea  Level, 

752  MRP  eeooeoo..  oaooo.  «...«o»«.  .00.0.0.0.0.  3/00  FPM 

Rate  of  Climb.  Sea  Level,  75 %  NRP  .............  6300  FPM 

Rate  of  Climb'  ?5000';  1002  NRP  ...............  IfiOO  FPM 

Hover  Ceiling,  95°  F,  NRP  .....................  6000  ft. 

Hover  Ceiling,  Standard  Atmosphere, 

Maximum  Power  . . . . .  11*700  ft . 

Service  Ceiling,  NRP,  Gross  Weight  ............  1*0000  ft. 

Static  Thrust,  Sea  Level,  752  NRP  .............  85000  lbs. 

Static  Thrust,  Sea  Level,  1002  NRP 

(Over  Gear  Box  Rating)  .....................  102000  lbs . 

Static  Thrust,  6000',  95°F,  Maximum 

Power,  2  Engines  Out  .......................  62800  lbs . 

Ferry  Range  at  202  Overload,  25000' 

Cruise  Altitude,  102  Reserve  ...............  2800  N.Mi. 

Power  Required 

Figure  17  is  a  plot  of  shaft  horsepower  required  and  available 
for  sea  level  standard  conditions.  Power-  required  for  the 
transition  region  was  calculated  according  to  the  method  pro¬ 
vided  by  Reference  (7). 

Jet  Thrust 

Figure  18  shows  the  effect  of  turbine  jet  thrust  on  cruising 
fuel  economy.  As  originally  assumed,  the  difference  in  fuel 
consumption  is  negligible. 

Best  Cruise  Speed 

Figure  18  also  shows  the  velocity  for  minimum  fuel  consumption 
to  be  260  knots  at  sea  level  and  300  knots  at  25.000'. 
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5 . !j  Take-Off  Distance 

Distances  required  for  running  take-off  to  clear  a  SO  ft. 
obstacle  are  provided  by  Figure  19.  The  methods  of  References 
8  and  It  were  employed  and  assume  a  level,  smooth  concrete  run¬ 
way,  sea  level  standard  conditions. 


5.5  Off-Design  Operation 

Figure  20  shows  the  range-payload  capabilities  of  this  air¬ 
craft  when  fuel  and  payload  are  interchanged.  Also,  as  shown, 
the  capabilities  are  further  enhanced  when  an  overloaded 
running  take-off  is  permitted  from  home  base  with  a  vertical 
landing  and  take-off  at  the  remote  base. 

6.0  MODEL  10it8-B 

Contract  Nonr  1657  ( 00)  was  extended  an  additional  period  of 
time  in  order  to  establish  an  aircraft  capable  of  meeting  the 
specified  mission  and  hover  ceiling  using  engines,  propellers, 
and  other  components  available  for  production  in  the  year  i960. 

Two  more  requirements  of  the  mission  were  added,  namely: 

1.  Fuel  required  shall  be  computed  as  2.2  times  the  fuel 

required  for  the  first  half  of  the  mission.  This  method  of 
computation  is  essentially  the  same  as  the  method  used 
for  the  main  study  except  that  the  small  reduction  in 
fuel  required  for  the  second  half  due  to  reduced  gross 
weight  is  not  accounted  for. 
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-  VTO  Mission  -  Beth  Ends 
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outbound  base.  Last  ?t  N.M,  adjacent  to 
outbound  base  are  flown  at  sea  level 
cruise  at  all  altutudes  at  260  knots  on 
h  engines. 


-  Entire  Mission  at  Sea  Level 
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MODEL  10lt3-B  (Continued) 

2.  The  specific  fuel  consumption  shall  be  increased  5$  over 
the  manufacturer's  guaranteed  value,, 

Mission  and  hover  ceiling  requirements  are  met  by  the  use  of 
water-alcohol  injection  for  the  initial  take-off.  The  aircraft 
reaches  design  gross  weight  of  93000  lbs.  for  the  first  landing 
at  the  remote  base. 

The  following  tabulation  lists  the  physical  characteristics 
and  performance. 


Take-Off  Gross  Weight 
Design  Gross  Weight  . 
Fuel  Weight  ..... 
Disk  Loading  .... 
Wing  Loading  .... 
Propeller  Diameter  . 
No.  Blades  ..... 
Activity  Factor  .  .  . 

Tip  Speed  . . 

Aspect  Ratio  .... 

Wing  Area  . . 

Span . 


Installed  Horsepowers  8  Allison  550-B1  Engines 

Water-Alcohol  . . .  . 

Stall  Speed,  Sea  Level,  Standard-Power  Off  .  . 

Cruise  Speed,  Sea  Level . . 

Cruise  Speed,  25000  feet  . . . 

Maximum  Speed,  Sea  Level  (75$  NRP)  . . 

Maximum  Speed,  25000  feet  . . . 

Rate  of  Climb,  Sea  Level,  75$  NRP . 

Rate  of  Climb,  25000  feet,  100$  NRP  .....  . 


=  101,000  lbs. 

=  93,000  lbs. 

-  18,500  lbs. 

-  6L.05  lb/ ft2 

«  90  lb/ft2 

=  21.5  ft 
=  6  (Dua’ 

=  135/Blade 
=  900  FPS 

=  6.5 

=  1032  ft2 

=  PI. 9  ft. 

s  L590  NRP 

=  1L50  lbs, 

=  1.25  knots 
=  270  knots 

=  300  knots 

=  365  knots 

*=  L65  knots 

=  6860  FPM 

-  5800  FPM 


Hover  <s)  6000  ft.,  95°F,  Take-Off  Gross  Weight  requires  76$  maximum 
available  power  +  water/alcohol  injection. 


Hover  Ceiling,  Standard  Atmosphere,  Maximum 
Power  +  Water/Alcohol  Injection  .... 

Service  Ceiling,  NRP,  Wq . 

Static  Thrust,  S.L.,  75$  NRP . 

Static  Thrust,  S.L.,  100$  NRP . 


18,650  ft, 
L9,200  ft. 
106,300  lbs, 
127,000  lbs, 
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CHECKED 

1,:le  A-uvdyr.j::.:  :  A;  u.;.\ .v.;  rrf  r  1 
!  •  ■  Trans;  orl  Pivp-  Hop  ini.'-  .1” 

M  0  O  E  L 

APPROVED 

1 

Con  true:,  hour  1.6''.’  ('»  } 

»E  PORT  NO  i  '  j 

CONFIDENTIAL 


6.0  MODEL  10L6-B  (Continued) 


Stati;*  Thrus t,  6000  ft.,  99°F,  Maximum  Power, 

2  Engines  Out  ............... 

With  Water/Aliohoi  Injection  Added  .  .  .  . 


«I,950  ibs. 
95,000  lbs. 


Vertical  R/C,  6000  ft.,  95CF,  Maximum  Power. 

+  Water/Alcohol  Injection,  Wt.O.  •  •  •  » 
Vertical  R/'C,  S.L.,  75$  NRP, *  Take-Off  Wg  .  . 
Ferry  Range  ni  20%  Overload,  25000  ft  Cruise 
Altitude,  10$  Reserve  .......... 


■  3,950  FPM 

=  1,520  FPM 

-  2,050  N.Mio 


7.0  MODEL  10L8--D 

A  brief  investigation  was  made  as  to  the  type  of  mission  that 
could  be  made  with  Model  IO48-A  using  presently  available  engines 
and  propellers. 

As  specified,  20  percent  of  the  mission  is  flown  at  sea  level. 

With  a  6000  lb.  payload  a  mission  radius  of  270  N.Mi.  can  be 
flown.  Hot  Day  (95°F)  hover  ceiling  of  6000  feet  is  met  with  the 
use  of  water/alcohcl  injection  for  the  initial  take-off  and  for 
the  first  landing  at  the  remote  base. 

On  the  other  hand,  the  specified  mission  radius  of  369  N.Mi.  with 
8000  lbs.  payload  can  be  met  if  the  hover  ceiling  is  reduced  to 
6200  feet  standard  altitude. 

The  following  tabulation  lists  the  characteristics  of  Model  10L&-D. 


Take-Off  Gross  Weight  ................. 

P  ayload  ...  00.  ..0.0.00..  0.00.0.0 

F  Ue  1  0000000.  oeoo...e.oe...  0.0 

Water/Alcohol  ..................... 

Propeller  Diameter  .................. 

No.  Blades  ...................... 

Activity  Factor  .  ............... 

Tip  Speed  ...........  .  .  . 

Engines  -  8  Allison  501-D8  8  3316/Engine,  S.L.,  NRP  . 

Weight  @  First  Landing  . . . 

Hover  Ceiling,.  ,  .  .NRP,  Standard,  Take-Off 

Gross  Weight  (No  Water/Alcohol  Injection)  .  .  .  .  . 


=  83,60C  ibs. 
=  6,000  lbs. 

«  13,000  lbs. 
=  2,900  lbs. 

=  19.08  ft. 

«  8  (Dual) 

-  135/Blade 

-  900  FPS 

-  71250  lbs. 

=  6200  ft. 


CONFIDENTIAL 
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MODEL  IQJiP-P  (Continued) 

Hover  Ceilinp.  .  »  . .  Maximum  Power  (No  Water-Alcohol 

Injection) Take-Off  Gross  Weight . =  PHOO  ft. 

Hover  is  6000  ft.,  Take-Off  Gross  '..'eight  requires  ik'%  available 

Maximum  Power  +  HgO/Alcohol  Injection. 

Ferry  Range  ^  20%  overload.,  "bOOC  ft.  cruise 

Altitude,  10$  Reserve  ......  .........  =  lie,  N.Mio 


The  methods  used  in  computing  the  performance  of  models  10li8-“B  and  IOI48-D 
are  identical  to  those  used  for  Model  l.Oi+8-A  except  that,  the  manufacturer's 
estimated  engine  performance,  including  the  effects  of  jet  thrust,  were 
used  in  place  of  the  generalized  characteristics  of  Reference  3° 
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